Positron annihilation as a probe of electronic density in the two-dimensional conductor 1T-TAS2
Introduction
The positron annihilation techniques have been successfully applied to a wide range of solids including pure metals and alloys, semiconductors and insulators. In some cases these techniques turned out to be especially fruitful for the exploration of Fermi surfaces even in rather complex structures such as A15 alloys [1, 2] . The investigation of highly anisotropic materials began with the study of graphite [3, 4] . But till now only a few studies have been made of other lowdimensional solids. In that field, very good candidates for systematic studies are the layered dichalcogenides such as vanadium diselenide (VSe2), quasi-two dimensional metal, or niobium diselenide (NbSe2), quasi-two dimensional metal and superconductor. For particular reasons which will be pointed out below, the present preliminary study has been devoted to the 1T-polytype of the tantalum disulfide TaS2. In figure 1 , a simple picture of this layered structure is shown, while in figure 2 the conduction electron distribution in k-space is represented schematically. The hexagonal Brillouin zone appears together with the sixfold Fermi surface drawn on the basis of the APW and LCAO calculations of Mattheiss [5] . The interesting topology of this surface both within the conduction plane (a*, b*) and in the perpendicular direction (c*) was one of the reasons for the present positron study. Angular correlation and Doppler broadening measurements can indeed provide directional information on the electron momentum distributions. The second reason is related to the well known fact that this Fermi surface changes with temperature due to the low [5] . dimensionality of the system [6] . Actually, the quasitwo-dimensional electron gas is unstable with respect to perturbations with wave vectors 2 kF connecting two large planar portions of the Fermi surface [7] . In these compounds the phonons are strongly coupled to the instability of the electron gas (giant Kohn anomaly). Thus [7] . The existence of these charge density waves is well established from the precise X-ray and electron diffraction experiments [6, 8] . The redistribution of electronic states around the Fermi surface is also evident. It is reflected in phase transitions and in strong changes in the charge carrier density [9] . But In the other configuration, denoted as the C-perpendicular direction, the gamma detected are normal to the C-axis, or parallel to the layers. As the energy shift AE is related to the electron-positron momentum parallel to the detection line pjj II according to the relation AE = p I,. cl2 (where c is the light velocity), the information acquired in the C-parallel (resp. C-perpendicular) direction refers to electron-positron pairs having momentum projections along C (resp. along the layers). Since electron-positron pair momentum consists mainly of the electron momentum, we will neglect the positron momentum from now on. Two experimental curves recorded at 300 K in these directions are shown in figure 4 . A distinct narrowing is visible in the C-perpendicular direction. We will show in section 4 that this narrowing can be attributed to the « free » character of electrons parallel to the layers. It can be shown indeed very simply that the annihilations of positrons with a gas of free DOPPLER CURVES AT 300 K (resp. Cjj) ) denotes the experiment where the electron momentum perpendicular (resp. parallel) to the C-axis is analysed.
electrons give rise to an angular correlation curve with an inverted parabolic shape limited to momenta inside ± pF (Fermi momentum), while the annihilations with bound electrons are characterized by Gaussian shaped angular correlation curves with half maxima at a few pF ; thus a narrowing of the momentum distribution curves is indicative of a « parabola » tendency and therefore of a more pronounced « free » electron character. The magnitude of this effect is 4.2 % at the peak ( ± 0.5 keV) and 10.6 % in the wings ( ± 1.25 keV to ± 2.8 keV). The orientation dependence of this anisotropy effect is then studied by a series of experiments varying the relative sample-to-detector geometry. The results are shown with respect to the C-parallel orientation in figure 5 . They clearly indicate that the maximum of anisotropy is observed in the C-perpendicular orientation, corresponding to 0 = 900, so that the electron momentum distribution along the layers is the most peaked. Our data confirm that the inverse anisotropy reported in figure 1 figure 8 . These experiments clearly demonstrate these changes in periodicity. The complexity of the phase transitions related to order and commensurability in the CDW system is reflected in the behaviour of the parameters P(T ) and W( T) of figures 6 and 7. It is important to notice first that there is a permanent correlation between the changes in both directions. The origin of this behaviour can be understood by taking into account the interlayer coupling between CDWs. The gradual ordering of the CDWs when the temperature increases is also a transverse ordering between layers [18] and we are not surprised to discover for instance that the lattice parameter C undergoes a large jump at the low temperature transition while there is no anomaly of the thermal expansion coefficient in the conduction plane [19] . Of course the origin of all these effects is electronic, related to the opening of gaps on the Fermi surface, but the electronphonon coupling is very strong in this system, therefore it is difficult to distinguish between a lattice effect and a purely electronic effect at 350 K or 210 K.
The thickness of the Fermi surface in these systems is much larger than kB T due to the very short electron lifetime (the electronic mean free path is limited by the phonons to a few lattice constants) [20] ; it is then possible that the opening of a small gap on such a thick Fermi surface may not induce dramatic changes. At the temperature of 350 K the momentum distribution parallel to the layers changes in a way which is explained in purely electronic terms; the distribution becomes broader below the transition, suggesting a tendency to the localization of the electrons. In that hypothesis we have made an estimation of the electron fraction which is concerned by that localization. From the two Doppler curves measured at 400 K and 300 K we can deduce the fraction of disappearing electrons which had free-like momenta (i.e. restricted to a few milliradians). The obtained relative number is 1.5 % ; it is immediately compared to the estimated conduction electron fraction in 1T-TaS2 which is less than 1 % : one [5] and Myron and Freeman [22] ; the model used in the (a*, b*) plane or (Al, A 1B) is shown in figure 10 where the ellipse-like lobes of the Fermi surface are represented together with the elementary cells chosen for the integration in each direction. The results of both procedures are shown in figure 9 for the three directions studied. 
